Abstract: Graphs are structures that have a long history in mathematics and have been applied in almost every scientific and engineering field. Use of graphs has become very influential in computer science and has led to many applications in denoising, enhancement, restoration, and object extraction. Accounting for the wide variety of problems being solved with graphs in image processing and computer vision. We have two goals for this article. Firstly, we make this work selfcontained by reviewing the basic concepts and notations for visibility graphs in 3D space that are used process of robot laser hardening. In process of robot laser hardening we have many open problems. One of most difficul problem is how to analyze SEM images of microstructure of robot laser hardenend specimens and make prediction of topographycal properties with image properties. Second, we connect these concepts to image processing and analysis from a conceptual level and discuss implementation details. 3D visibility computations are central to any computer graphics application. Drawing graphs as nodes connected by links in 3D space is visually compelling but computationally difficult. In computational geometry and robot motion planning, a visibility graph is a graph of intervisible locations, typically for a set of points and obstacles in the Euclidean plane. Each node in the graph represents a point location, and each edge represents a visible connection between them. That is, if the line segment connecting two locations does not pass through any obstacle, an edge is drawn between them in the graph. Thus, we use method of construction of visibility graphs in 3D space in SEM images of microstructure of robot laser hardenend specimens. At the end we use method of intelligent systems to predict topographical property of robot laser hardened specimens. With intelligent system we increase production of process of laser hardening, because we decrease time of process and increase topographical property of materials.
Introduction
Visibility graphs [1] [2] [3] in 3D space are support for graduate courses in image processing and computer vision, it is also perfect as a reference for practicing engineers working on development and implementation of SEM image processing and analysis algorithms. Visibility graphs may be used to find Euclidean shortest paths among a set of polygonal obstacles in the plane: the shortest path between two obstacles follows straight line segments except at the vertices of the obstacles, where it may turn, so the Euclidean shortest path is the shortest path in a visibility graph that has as its nodes the start and destination points and the vertices of the obstacles. Visibility calculations are central to any computer graphics application. In imaging science, image processing is any form of signal processing for which the input is an image, such as a photograph or video frame; the output of image processing may be either an image or a set of characteristics or parameters related to the image. Most image-processing [4] techniques involve treating the image as a two-dimensional signal and applying standard signal-processing techniques to it. Image processing is a method to convert an image into digital form and perform some operations on it, in order to get an enhanced image or to extract some useful information from it. It is a type of signal dispensation in which input is image, like video frame or photograph and output may be image or characteristics associated with that image. Usually Image Processing system includes treating images as two dimensional signals while applying already set signal processing methods to them. It is among rapidly growing technologies today, with its applications in various aspects of a business. Image Processing forms core research area within engineering and computer science disciplines too. Laser hardening [5] is a metal surface treatment process that is complementary to conventional aim and induction hardening processes. A high-power laser beam is used to heat a metal surface rapidly and selectively so as to produce hardened case depths of up to 1.5mm with the hardness of a martensitic micro-structure, providing improved properties such as wear resistance and increased strength. In this work, we have used a scanning electronic microscope (SEM) to discover and analyse the topological property of visibility graph in 3D space of microstructure of robot laser hardened specimens. The present study is intended to use the new method of constructing visibility graphs in 3D space and its topological property to describe completely the mechanical properties hardness of robot laser hardened specimens. Finally, the concept of visibility graphs in 3D is applied to characterize the microstructure and derive useful relationships between the topological properties density of 3D visibility graphs and microstructural features. Topological properties of hardened specimens was obvious in [6] , but not with method visibility graphs, and not with intelligent method genetic programing. In this article, we also use new method to describe properties of hardened specimens with methods of intelligent systems [7] . Today technologists who operate various CNC machines only have knowledge based on practical experience. Each technologist must consider numerous CNC machine parameters to get the best desired results. Because this is a very time-consuming process, we used the method of intelligent systems, which allows us to obtain results more quickly. Also, the aim of the contribution is to outline possibilities of applying artificial multiple regression, neural networks and genetic programming for the prediction of mechanical steel properties after robot laser heat treatment and to judge their perspective use in this field.
Experimental Data
Digital image processing operates on sampled data from an underlying continuous light field. Each sample is called a pixel in 2D or a voxel in 3D. The sampling is based on the notion of lattice, which can be viewed as a regular tiling of a space by a primitive cell. Firstly, we use program ImageJ to convert SEM images to 3D images of SEM images. Then, we find all point of 3D images od SEM images. We find coodinates (x,y,z) of graphs of 3D images od SEM images. After this process, we use algorithm for constructing 3D visibility graphs. And in the end, we calculate topological property of 3D visibility graphs. We, calculated density of 3D visibility graphs. On fig. 1 is presented image processing of SEM image of robot laser hardened specimens.
Solution of visibility graph in 3D space is obvious, like algorithm for constructing visibility graphs in 3D space in [8] . Visibility graphs of a series of digitised surface microstructures from the surface of the robot laser modified specimens indicate that useful correlations can be derived between the topological properties of 3D visibility graphs and the surface microstructure features, such as harness. In visibility graph in 3D sprace we calculated density of graph with program Pajek [9] . Pajek software and data sets are available so readers can learn network analysis through application and case studies.
To avoid unnecessarily high classification performance of our model, data were divided into training and testing data sets. Data of 22 specimens were randomized from the database and used for GP modelling. The theory of GP can be found in many books and articles that deal with evolutionary computation [10, 11] . GP is probably the most general approach of evolutionary computational methods. In GP the structures subject to adaptation are the hierarchically organized computer programmes (organisms) the size and form of which dynamically change during simulated evolution. Genetic programming is a collection of methods for the automatic generation of computer programs that solve carefully specified problems, via the core, but highly abstracted principles of natural selection. In a sentence, it is the compounded breeding of (initially random) computer programs, where only the relatively more successful individuals pass on genetic material (programs and program fragments) to the next generation. The following evolutionary parameters were selected for the process of simulated evolutions: 500 for the size of the population of organisms, 100 for the maximum number of generations, 0.4 for the reproduction probability, 0.6 for the crossover probability, 6 for the maximum permissible depth in the creation of the population, 10 for the maximum permissible depth after the operation of crossover of two organisms, and 2 for the smallest permissible depth of organisms in generating new organisms. Genetic operations of reproduction and crossover were used. For selection of organisms the tournament method with tournament size 7 was used. In Fig. 2 is presented tree crossover in genetic programming. In Fig. 3 is presented model of genetic programming. A series of algorithms that attempt to identify underlying relationships in a set of data by using a process that mimics the way the human brain operates. Neural networks [12] have the ability to adapt to changing input so that the network produces the best possible result without the need to redesign the output criteria. Rather than using a digital model, in which all computations manipulate zeros and ones, a neural network works by creating connections between processing elements, the computer equivalent of neurons. The organization and weights of the connections determine the output. Neural networks are particularly effective for predicting events when the networks have a large database of prior examples to draw on. Strictly speaking, a neural network implies a nondigital computer, but neural networks can be simulated on digital computers. Neural networks can have any number of layers, and any number of nodes per layer. Most applications use the three layer structure with a maximum of a few hundred input nodes. The hidden layer is usually about 10% the size of the input layer. In the case of target detection, the output layer only needs a single node. The output of this node is thresholded to provide a positive or negative indication of the target's presence or absence in the input data. Many multiple regression [13] models contain variables whose t statistics have nonsignificant P values. These variables are judged to have not displayed statistically significant predictive capability in the presence of the other predictors. The question is then whether some variables can be removed from the model. To answer this question, many models are examined to find the one that's best in some sense. In multiple regression, more than one variable is used to predict the criterion. Predicted scores from multiple regression are linear combinations of the predictor variables. Therefore, the general form of a prediction equation from multiple regression is presented bellow.
Model of multiple regression Y = b + b1X1 + b2X2 + ... + bmXm + e Fig. 6 present intelligent system for modelling data. Firstly, we use input experimental data. This data are density of visibility graphs in 3D space, temperature and speed of robot laser cell and basic hardness of hardened specimens. Then we use method of intelligent system, genetic programming, neural network and multiple regression to predict topographical property hardness of hardened specimens. 
Results and Discussion
In Table 1 , the parameters of hardened specimens that impact on roughness are presented. We mark specimens from P1 to P22. Parameter X1 presents the parameter of temperature in degree of Celsius [C], X2 presents the speed of hardening [mm/s] and X3 presents density of visibility graphs in 3D space. The last parameter Y is the measured surface hardness of laser-hardened robot specimens. Table  2 presents experimental and prediction data regarding the surface hardness of laser hardened robot specimens. In Table 2 present symbol S name of specimens, E experimental data, NM1 prediction with neural network with 36% learn set, NM2 prediction with neural network with 50% learn set, NM3 prediction with neural network with method one live out, R prediction with regression and GP prediction with genetic programming. In Table 1 , we can see that specimen P20 has the largest density of visibility graphs in 3D; 0.2960, thus specimen P20 is most complex. Specimen P1 is has most hardness after hardening, that is 60 HRc. The measured and predicted surface roughness of robot laser hardened specimens is shown in the graph in Fig. 8 . The genetic programming model is presented on Fig. 7 . The genetic programming model presents a 1,33% deviation from the measured data, which is less than the regression model, which presents a 4,47% deviation. The best neural network present 1,42% deviation from the measured data. 
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Discussion
The visibility graph problem itself has long been studied in computational geometry and has been applied to a variety of areas. We use method visibility graph in image processing. All SEM images of robot laser hardened specimens, we analyze with topological property density of visibility graphs. The surface of the hardened material exhibits a more complex network than at depth, which is to be expected, because the laser beam is focused directly on the surface. Thus, it was necessary to develop intelligent systems based on individual samples to disclose the topological properties of a material after heat treatment. Intelligent system give us good results. We use three intelligent system methods; genetic programming, neural network and multiple regression to predict the hardness of laser hardened robot specimens. We show that the genetic programming model gives us the best predicted results. The neural network model is better than the regression model and as good as the genetic programming model.
Conclusions
The paper presents new method for image analyze using mathematical method of graph theory and it's application in Materials Science. We present method of visibility graph in 3D space to analyze complexity of robot laser hardened specimens. Analysing complexity of robot laser hardened surfaces is very hard problem. New presented method have many applications in pattern recognition, computer graphics, computational geometry etc. 
